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S~ll~ctco~l(ll~ctitlg  hot-electron bolomctcrs  arc a promising option for low noise hctcrociyne

ciclcclor  systems at frcqucncics  above 1 ‘1’1 lY. Since the mixing process irl these dcviccs

rc] ics cm healing of the electron gas, they do not suffer from the upper frequency limitation

set by the supcrconciucting  energy gap, as is the CMC for S1S mixers. They m also much

fidstcr than mom conventional bo]omctcrs,  sLIch as those made from inclium antimonidc,

and can thcrcfmc operate with intcmdatc  frcqucncics  of several ~J} Iz. 7This combination

of uscfu] properties makm sl~~~crcoll(lllctil]g  hot-electron bolomctcrs  ideal cancliclatcs  for

mdccular  spectroscopy in (he ficl[is  of astrophysics anti atmospheric chemistry. The

hctcrociync  pcl”formancc  of thiS dCViCC  is cxpcctcd  to bc ind+mc]cnt  of frcc]ucncy  up to

several tens of ‘1’H  7,. While rcccat measurements have S11OWI1  promising results at

-0.5 ‘1’1 lz., our current  cxpcrimcnts are designed to test this prediction above 1 ‘1’]17,.

‘1’hc dcvicc used is a O.15 pm wicic ancl 0.30 pm long niobium film with an approximate

thickness of 10 mn that js fabricatcci  on a tryst al quartz  substrate together with a planar

doub]c dipo]c anlcnna,  I;ig. 1 & IOg.2. ‘1’hc dcvicc chip is g]uc(i to the back sicic  of a quar(y,

llyl>crllcl~lisl>l~cricai  lens. A quarlcr wavelength thick quarl~ chip with a rcficcting  golci  layer

is glued to t }]c surface of the cicvicc chip to remove tile. back lobe of the ciipolc antenna at](i

to improve its radiation pattern. The lens with the attactd {icvicc  chip is mounted in a

hokiing  fixture, aluminum wires arc bcmic(i  lo provj(ic IX anti II; connections, anti the

:tsscmbl y is coolc(i to 2.6 K in a vacuum cryostat. A h ypcrbolic  pol ycth ylcnc Icns at[achcci

to t hc ho]ciing  fixt urc is used to incrcasc the f-number of tbc asscmb] y. An cvacuatcci  box js

attached to the cryostat wjn(iow, containing a hot ]oaci  (300 K) ami a coki loaci  (77 K), a

chopper wheel for switching bet wcct] the loads, anti a bcamsp]it{cr for coupling local

oscillator power into the bcampath.

]dgurc 3 shows an unpumpcd  1)~ I-V curve of the (icvjcc at 2.6 K, as WC]] as an 1-V curve

that is pL~mpc(i  at 1267 (i] Iz by a submillinlctcr  wave gas laser using  ClI;z112. The cffcctivc



RI: coupling bandwidth of the receiver in a direct  detection mode was measured to bc =730

G] lZ with a FoLIricr  t ransform spcctmmc[cr (ITS), l;ig.4 . ‘lThc bolomctcr  is  both

broadband an(i sensitive enough to observe the direct-dc[cction response to the hot and cold

loads, without LO applied, This allows the difference bdwccn the amounts of R]; power

coupled from a hot (295 K) and a colci  (135 K) loacl to the bolomctcr  to be rough] y

estimated at 0.25 nW by obscrvi  ng the shift in 1X clissipatcd  power required to maintain a

constmt  device resistance when switching bctwccn the two loacls.  The losses  in the optical

path bc[wccn [bc loads ancl the bolomcter  were approximately 6.3 dB, most of which came

from the bcamsp]ittcr used (2.6 d13), the cryos[at  window (  1.S dB) and from the

impcdancc  mismatch bet wccn the dipole antenna (=50 (2) and [he bolomctcr  (=15 O Q).

1 kom these data and the measured bandwidth, Ihc resistive losses in the antenna plLIs all

other unknown RF signal path losses is cstimatd  to bc less than a few d13.

The next step is to perform Y-factor mcasarcmcnts.  1 lowcvcr, first wc wil 1 eliminate

standing waves in the 1.0 path, and install a 100 G] 1~ wide mesh filter into the optical pa[h

to limit the broadband direct response. Wc also plan to confirm the hctcrodync  response by

using c.ithcr a GaAs photomixcr,  a backward wave oscillator (BWO) or a gas cell as signal
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l;ig. 1: A niobium bo]omcter.

liig.2:  A double  dipole antenna.

l/ig.3:  Unpumpccl  and pumped IV curves of a bo]omcter. The pump frequency is

1267 Gllz,  and the ambient tmqwraturc  is 2.6 K

l~ig.4:  Measurement of the a~~tcl~lldbololl~ctcr  coupling bandwidth using an 1~1’S.  The dip

at =950 GJ 1~, may bc caused by the optical mismatch bctwccm the narrow bc.am of

the rcccivcr and the f-6 beam of the 1 +T1’S. The data were corrected for the frequency

dcpcndcncies  of t}lc two bcamsp] it (crs.
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